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Summary
Over a 2-year period, crossbred lambs resulting from
the mating of Texel (T), Romanov (R), and St. Croix (S)
rams with Polypay (P) and S ewes, were finished during
the summer and late fall to determine feedlot perform-
ance and carcass characteristics. A total of 175 wether
lambs of the five genotypes (R x P, R x S, S x S, T x P and
T x S) were fed a high-energy diet for an average of 110 d
(Experiment 1). Purebred St. Croix lambs weighed less (P
< 0.05) at the beginning and end of the finishing period,
had the lowest average daily gain (ADG) (P < 0.05), and
the lowest Gain:Feed (P < 0.10) of the five genotypes
evaluated. All five genotypes produced carcasses with a
quality grade ≥ Choice. In a subsequent 2-year experi-
ment (Experiment 2), 251 lambs sired by either Dorset or
St. Croix rams from the ewes created in Exp.1 were used.
Dorset-sired lambs were heavier (P < 0.10) at the end of
the feeding period and had greater ADG (P < 0.10)  than
lambs sired by St. Croix rams. Wether lambs were heavier
(P < 0.10), grew faster (P < 0.10) and ate more (P<0.05)
feed than female lambs. Lambs from crossbred ewes were
heavier (P <0.05) at the beginning and end of the finish-
ing period and grew faster (P < 0.10) than lambs from
purebred St. Croix ewes. When Dorset rams were used as
the terminal sire, lamb feedlot performance was similar
among the five ewe genotypes used in this study. 
Key words: Lambs, Crossbreeding, Feedlot, Carcass
Quality, Carcass Cutability.
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Introduction 
Per capita lamb consumption has
steadily declined over the past three
decades due to changes in eating habits
of U.S. consumers and a widening gap
between the retail prices of lamb meat in
comparison with other meat choices,
particularly beef (Schroeder et al.,
2001).  To be more competitive, retail
lamb prices must be lowered, which
means lowering lamb production cost
either by increasing lamb productivity
per ewe or decreasing the cost of produc-
tion inputs (Lewis et al., 1996). Cross-
breeding programs can be used to exploit
differences in breeds, to increase hetero-
sis and to match genetic and environ-
mental resources for the most efficient
production (Freking et al., 2000; Ley-
master and Jenkins, 1993). Texel sheep
were imported into the United States for
evaluation as a new terminal sire breed.
Leymaster and Jenkins (1993) reported
that Texel-sired lambs produce carcass
that were leaner, distributed fat differ-
ently and had a different carcass shape
than Suffolk-sired lambs.
Hair sheep breeds have been con-
sidered in the past for crossbreeding pro-
grams with wool sheep breeds (Burke
and Miller, 2004; Notter et al., 2000 and
2003). Bunch et al. (2004) reported that
overall sensory acceptance ratings were
higher for purebred St. Croix lambs
than for lambs from wool breeds. They
concluded that hair sheep could be used
in a cross-breeding program to improve
meat palatability. During the develop-
ment of crossbred females, crossbred
males are also produced. The majority of
these males do not go into breeding pro-
grams but are placed in feedlots for fin-
ishing. The objectives of the experi-
ments reported in this paper were 1) to
compare the feedlot performance and
carcass characteristics of purebred St.
Croix lambs to lambs containing 50 per-
cent St. Croix breeding (Experiment 1),
and 2) to compare the feedlot perform-
ance and carcass characteristics of lambs
sired by Dorset or St. Croix rams from
purebred St Croix or crossbred ewes
(Experiment 2).
Materials and Methods
Experiment 1:
A total of 175 wether lambs were
used to determine feedlot performance
and carcass characteristics of spring born
lambs sired by St. Croix (S), Romanov
(R) or Texel (T) rams from either St.
Croix or Polypay (P) ewes.  Lambs of
RxP, RxS, SxS, TxP, TxS genotypes
(genotypes refer to both purebred and
crossbred lambs) were born in the spring
of 1993 (Year 1; n=72) and 1994 (Year 2;
n=103) and reared at the USDA-ARS
Dale Bumpers Small Family Farm
Research Center at Booneville, Ark.
Male lambs were surgically castrated
shortly after birth.  All lambs were
weaned in July at approximately 90 d of
age and transported (360 km) to the
USDA-ARS Grazinglands Research
Laboratory, El Reno, Okla.  Prior to
entering the feedlot, lambs were individ-
ually weighed, treated for internal para-
sites and vaccinated for Clostridium per-
fringens type C and D.  Lambs were ran-
domly assigned within genotype to one
of two pens. In year 1, the number of
SxS lambs was limited and only one pen
was used. A total of 9 pens were used in
year 1 and 10 pens were used in year 2.
Each pen was 5.5 m x 21.5 m and the
surface was concrete. A roof covered 35
percent of the pen, including a self-
feeder that was 2.4 m in length.  Lambs
had ad libitum access to the feed in the
self-feeder and to water provided by a
fountain in each pen. Initially, a starter
diet (Table 1) was fed. The proportion of
alfalfa hay in the starter diet was
decreased, and the proportion of corn in
the starter diet was increased by 5 per-
centage units at 5-d intervals until alfalfa
hay content was < 16 percent (Table 1). 
Lambs were individually weighed at
the beginning and end of the feeding
period after a 16-h fast without feed and
water. Lambs were considered finished
when the mean final body weight of the
pen was 50 kg or greater. Lambs were fed
for 114 d (Year 1) or 105 d (Year 2). At
the end of the feeding period, one lamb
with a body weight equal to the average
body weight of that pen was chosen for
detailed carcass evaluation. Selected
lambs were transported (130 km) to the
Oklahoma State University, Stillwater,
Okla. to determine cold-carcass weight
and weight of wholesale cuts (leg, loin,
shoulder and rack). 
Data were analyzed using the PROC
MIXED procedure of SAS (1999).  The
model contained year, genotype and year
x genotype. Pen was used as the experi-
mental unit and was considered to be
random. Orthogonal contrasts were con-
ducted to test the following effects; 1)
purebred St. Croix lambs (SS) vs all
other lambs, 2) Romanov sired lambs
(RP and RS) vs Texel sired lambs (TP
and TS), and 3) lambs from Polypay
Table 1. Composition of starter and finishing diets used in Experiments 1 and 2.
Diet
Ingredient Starter diet Finishing diet 
Ingredient composition -------------------  %  -------------------
Alfalfa hay 40.7 15.4
Corn 50.8 77.0
Soybean meal 2.0 0.7
Molasses 5.0 5.0
Limestone 0.9 1.2
Salt 0.5 0.5
Dicalcium phosphate 0.1
Nutrient compositiona
Crude protein, % 13.2 10.9
NEm, Mcal/kg 1.71 1.95
NEg, Mcal/kg 1.07 1.27
Ca, % 1.4 1.2
P, % 0.3 0.3
a Nutrient composition was calculated from feed composition values in NRC,
1985 and as expressed on a dry matter basis. 
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ewes (RP and TP) vs lambs from St.
Croix ewes (RS and TS). Carcass and
cutout data were analyzed using the same
model and contrasts, but animal was used
as the experimental unit. Means are
reported as least squares means.
Experiment 2:
A total of 251 ewe and wether lambs
were used to determine the impact of sire
breed and ewe genotype on feedlot per-
formance and carcass characteristics.
Female lambs generated during Exp. 1
were retained at the USDA-ARS Dale
Bumpers Small Family Farm Research
Laboratory and used to create a flock of
ewes of five different genotypes (RxP,
RxS, SxS, TxP and TxS).  Ewes were
bred to either Dorset or St. Croix rams in
the fall of 1994 and Dorset rams in the
fall of 1995. Lambs were born in the
spring of the subsequent year, were man-
aged as described in Exp. 1 and shipped
to El Reno, Okla. on August 1, 1995
(n=128) and July 9, 1996 (n=123).
Lambs were processed and fed in the
same pens as described in Exp. 1. Lambs
were grouped by ewe genotype (n =5)
and sex (n=2) then each group was ran-
domly assigned to one of ten pens. In
1995, Dorset- and St. Croix-sired lambs
were fed in the same pen. Lambs were
fed the same diets and body weights were
collected as described in Exp. 1. In 1995,
a total of 10 Dorset-sired lambs were
selected (two lambs from each pen of
wether lambs) to determine cold-carcass
weight, weight of wholesale cuts (leg,
loin, shoulder and rack) and carcass
characteristics. Lambs were selected
based on a body weight close to the aver-
age body weight for the Dorset-sired
lambs in that pen.
Initially, feedlot performance was
analyzed within each year using lambs as
the experimental unit. Data collected in
1995 was analyzed with a model con-
taining sire breed, ewe genotype, sex of
lamb, and all two and three way interac-
tions. The residual was used as the error
term. Sire breed was dropped from the
model used to analyze the data collected
in 1996 (only one sire breed was used).
Data from both years were analyzed
using PROC MIXED procedure of SAS
(1999) using pen as the experimental
unit. The model contained sex of lamb,
ewe genotype and sex of lamb x ewe
genotype interaction. Year was consid-
ered random and orthogonal contrasts
were conducted to test the following
effects; 1) lambs from purebred St. Croix
ewes vs all other lambs, 2) lambs from
Romanov-sired ewes (RxP and RxS) vs
lambs from Texel-sired ewes (TxP and
TxS), and 3) lambs from crossbred Poly-
pay ewes (RxP and TxP)  vs lambs from
crossbred St. Croix ewes (RxS and TxS),
and 4) the interaction of sire breed and
crossbred ewes (RxP and TxS vs RxS
and TxP). Means are reported as least
squares means.
Results and Discussion
Experiment 1
In Exp. 1, lambs were fed for 114 d
in 1993 (August 8 to November 30) and
for 105 d in 1994 (July 12 to October
25). Lambs used in year 2 were heavier
(P < 0.01) at the beginning of the exper-
iment than the lambs used in year 1,
(27.6 vs. 23.0 kg, respectively), but
ADG (213 g) was not different (P =
0.29) between years. As a result lambs
reached the target finished body weight
of 50 kg sooner in year 2 than in year 1.
No significant (P > 0.10) genotype
x year interaction was observed for feed-
lot performance or carcass measure-
ments. Data was then analyzed by PROC
MIXED procedure (SAS, 1999) using a
model containing genotype. Year and
pen (year) were considered random. The
same orthogonal contrasts as previously
described were used with this new
model. Data are presented as least
squares means (Table 2). Purebred St.
Croix lambs were lighter (P < 0.01) at
the beginning and end of the finishing
period as compared to all other lambs. A
final body weight (BW) of 50 kg was
reached by all genotypes with the excep-
tion of the purebred St. Croix. At the
observed ADG, purebred St. Croix
lambs would have needed an additional
43 d to reach a BW of 50 kg. Purebred
St.Croix lambs had lower ADG (P <
0.01) and lower gain:feed (P < 0.05)
ratio lambs than the other four geno-
types. Because initial BW was different
between the purebred St. Croix lambs
and the other lambs, initial BW was used
as a co-variant in an additional analysis.
Initial BW was not a significant (P >
0.10) factor affecting final BW or ADG. 
Average daily gains (P = 0.79) and
final BW (P = 0.59) were similar among
Table 2. Least squares means for feedlot performance and carcass cutability of
wether lambs sired by Romanov (R), St. Croix (S) or Texel (T) rams from
Polypay (P) or St. Croix (S) ewes (Exp. 1).
RP RS SS TP TS SE
Feedlot performancea
Number of pens 4 4 4 4 4
Initial BW, kgbd 26.2 25.2 20.4 27.1 24.9 1.5
Final BW, kgbd 51.0 48.7 39.6 51.3 49.6 2.5
ADG, gb 225 216 180 220 226 7.0
Feed intake, kg/d 1.42 1.35 1.36 1.43 1.45 0.08
Gain:Feedb 0.160 0.159 0.133 0.156 0.157 0.011
Carcass cutability
Number of lambs 4 4 4 4 4 
Final BW, kgb 50.8 49.9 41.8 50.8 50.8 0.8
Cold carcass wt, kgb 23.8 23.9 20.9 23.8 24.7 2.0
Leg, kg 7.08 7.26 6.08 7.22 7.54 0.77
Loin, kg 2.44 2.57 2.17 2.79 2.49 0.18
Rack, kgb 2.56 2.77 2.33 2.70 2.52 0.12
Shoulder, kgb 5.31 5.11 4.54 6.17 5.63 0.31
a Feedlot performance was calculated using pen data. 
b Contrast of purebred SS lambs vs all other genotypes, P < 0.05.
c Contrast of lambs sired by Romanov rams (RP and RS) vs lambs sired by Texel
rams (TP and TS), P < 0.05.
d Contrast of lambs from Polypay ewes (RP and TP) vs lambs from St. Croix ewes
(RS and TS), P < 0.05.
Romanov- and Texel-sired lambs. Lambs
from Polypay ewes were heavier (P <
0.05) at the beginning (26.6 vs. 25.0 kg)
and end (51.2 vs. 49.2 kg) of the experi-
ment than lambs from St. Croix ewes.
Daily feed intake was similar (P = 0.87)
among the five genotypes, but feed effi-
ciency (Gain: Feed) was different (P <
0.05) reflecting the differences in ADG. 
Hair sheep are smaller and weigh
less than wool sheep (Notter et al., 2003;
Shelton, 1991). Lambs with small frame
size, such as hair sheep, can be fed to
heavier body weights to yield heavier
carcasses, but the additional weight gain
is predominately fat (Nichols et al.,
1993). In this experiment, feeding pure-
bred St. Croix lambs to heavier final
body weights would only increase carcass
fat and further depress feed efficiency.
Snowder et al. (1994) established an
optimal slaughter weight of 45 to 47 kg
for Polypay wethers to yield a carcass
with a quality grade of Choice and a
Yield Grade between 2 and 3. However,
with current industry slaughter weights
of > 60 kg, Yield Grades would no doubt
be much higher if these lambs were fed
to heavier carcass weights.
Carcass measurements shown in
Table 2 were recorded on four wether
lambs of each genotype. The number of
observations for each genotype is small
and the data should be considered pre-
liminary. Differences in cold-carcass
weight are a reflection of differences in
final BW. Purebred St. Croix lambs had
lower (P < 0.05) cold carcass, leg, rack
and shoulder weights than those
observed for the other four genotypes.
Lambs sired by Texel rams had greater
amounts (P < 0.05) of shoulder than
lambs sired by Romanov rams, reflecting
differences in carcass conformation.
However with the exception of Texel-
sired lambs vs. Romoanov-sired lambs,
when wholesale cuts are expressed as a
percentage of the cold carcass weight
none of the contrasts were significant (P
> 0.15).  The Texel-sired lambs yielded
more shoulder (P < 0.05) as a percentage
of the cold- carcass weight than
Romanov-sired lambs (25 percent vs. 22
percent, respectively). Overall the per-
centage of leg, loin, rack and shoulder
was 30.1 percent, 10.9 percent, 11.2 per-
cent and 23.2 percent, respectively.
Experiment 2
In Exp. 2, lambs used in Year 1
(1995) were sired by either Dorset or St.
Croix rams and lambs used in Year 2
(1996) were sired by Dorset rams (Table
3). Among ewe and wether lambs fed in
Year 1, Dorset-sired lambs had greater
ADG (239 g vs 179 g; P < 0.01) and
were heavier (51.4 kg vs 43.5 kg; P <
0.01) at the end of the finishing period
than lambs sired by St. Croix rams.
There was a sex-of-lamb x breed-of-sire
interaction for lambs fed in Year 1 for
final body weight (P < 0.10) and ADG
(P < 0.01).  Differences in final body
weight and ADG were greater between
ewe and wether lambs sired by Dorset
rams than between ewe and wether
lambs sired by St. Croix rams (Table 3).
In general, female lambs weighed
less (P = 0.11) at the beginning of the
feeding period, had lower ADG (P <
0.01), and consumed less feed (P = 0.14)
Table 3. Least squares means for feedlot performance of female (F) and wether
(W) lambs sired by Dorset or St. Croix rams from Romanov x Polypay (RxP),
Romanov x St. Croix (RxS), St. Croix x St. Croix (SS), Texel x Polypay
(TxP), Texel x St. Croix (TxS) ewes (Exp.2).
Item Sex N Initial BW Final BW ADG
Year 1
Dorset sired F 29 19.3 kg 49.3b kg 208b g
W 32 21.6 kg 53.3a kg 268a g
St. Croix sired F 37 18.3 kg 44.1b kg 168c g
W 30 18.9 kg 43.4b kg 194b g
SE 0.7 kg 1.3 kg 6.5 g
Year 2
Dorset sired F 69 24.9 kg 45.9a kg 155a g
W 54 25.3 kg 50.2b kg 185b g
SE 0.5 kg 0.9 kg 3.7 g
abc Means in the same year and column with different superscripts are different P
< 0.01.
Table 4. Least squares means for feedlot performance of lambs sired by Dorset
and St. Croix rams from Romanov x Polypay (RxP), Romanov x St. Croix
(RxS), St. Croix x St. Croix (SS), Texel x Polypay (TxP), Texel x St. Croix
(TxS) ewes (Exp. 2).
Ewe genotype
RP RS SS TP TS SE   
Feedlot performance
Number of pens 4 4 4 4 4
Initial BW, kgbd 22.1 20.4 21.3 24.9 23.8 2.6
Final BW, kgabcd 48.2 45.4 44.7 52.6 50.9 1.04
ADG, gd 202 181 169 222 198 23
Feed intake, kg/dc 1.43 1.18 1.23 1.52 1.34 0.07
Gain:Feed 0.147 0.147 0.135 0.151 0.149 .008
a Contrast of lambs from purebred St. Croix ewes vs lambs from crossbred ewes,
P<0.05
b Contrast of lambs from ewes sired by Romanov rams (RP and RS) vs lambs
from ewes sired by Texel rams (TS and TP), P<0.05.
c Contrast of lambs from ewes with Polypay breeding (RP and TP) vs lambs from
ewes with St. Croix breeding (RS and TS), P<0.05. 
d Contrast of lambs from SS and RS ewes vs lambs from RP, TP and TS ewes, P <
0.01.
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than wether lambs. We concluded that
female lambs grow at a slower rate and
are less efficient than male lambs. Notter
et al. (2003) and Phillips et al. (2002)
reported similar observations made on
wether and female lambs from hair and
black-faced sheep. We also concluded
that Dorset-sired lambs gain weight
more rapidly than St. Croix-sired lambs.
In Exp. 2, the breed-of-sire x ewe-
genotype interaction in Year 1 was not
significant (P > 0.38). Therefore, sire
breed was dropped from the model.
Using pen as the experimental unit, data
were analyzed to determine the impact
of ewe genotype on feedlot performance
(Table 4). Lambs from purebred St.
Croix ewes gained weight at a slower
rate (P < 0.05) and were lighter
(P>0.01) at the end of the finishing
period than lambs from crossbred ewes.
Lambs from Texel-sired ewes (TP and
TS) had heavier (P < 0.01) initial and
final BW as compared to lambs from
Romanov-sired ewes (RP and RS). Also,
ADG tended to be greater (P = 0.12).
Lambs from Polypay crossbred (RP and
TP) ewes had heavier (P<0.10) initial
BW and final BW and greater ADG
than lambs from St. Croix crossbred
ewes (RS and TS). In this experiment,
feed intake followed the same pattern as
ADG. Lambs that consumed more feed
had higher ADG. As a result, Gain:Feed
was not different (P > 0.70) among
lambs from the five ewe genotypes used
in this study. 
In the present experiments, feedlot
performance was similar to previous
reports from this laboratory using com-
parable diets and the same feeding facil-
ities (Phillips 1990 and 1993; Phillips
and VonTungeln, 1991). In previous
experiments, ADG ranged from 185 to
280 g, daily feed intake ranged from 1.06
to 1.72 kg, and Gain:Feed from 0.108 to
0.180.
In Exp 2, carcass-cutout data was
collected only during year 1 and only
from Dorset-sired lambs (Table 5). The
number of observations for each ewe
genotype is small and the data should be
considered preliminary. Lambs from
purebred St. Croix ewes produced as
much cold carcass weight and wholesale
cuts as lambs from crossbred ewes. Lambs
from Texel sired ewes (TP and TS) pro-
duced heavier (P < 0.05) leg and shoul-
der wholesale cuts than lambs from
Romanov sired (RP and RS) ewes.
Using a Dorset rams to sire lambs from
purebred St. Croix ewes mitigated the
negative effects of a hair sheep breed on
carcass cutability. 
The amount of leg, loin, rack and
shoulder harvested from lambs in Exp. 2
was similar to that reported in Exp. 1
(Table 5). Because the number of obser-
vations per genotype are small (n=2),
data was averaged across genotype and
presented as descriptive statistics for
each experiment (Table 6). Lambs used
in both experiments yielded carcasses
that had a quality grade of choice or bet-
ter. Yield Grades were greater than 3 but
less than 4 and fat thickness averaged
0.67 cm. Based on these observations,
we concluded that the lambs were fed
long enough to produce carcasses that
would have a quality grade ≥ Choice and
have a Yield Grade ≥ 3. 
The amount of longissimus muscle
produced in Exp. 1 and Exp. 2 was 12.4
cm2 and 14.5 cm2, respectively. The
amount of longissimus muscle is propor-
tional to carcass weight. Snowder et al.
(1994) reported longissimus muscle area
of 12.3 cm2 or 0.445 cm2/kg of carcass
from purebred Polypay lambs. In Exp. 1
and 2 longissimus muscle per kg of car-
cass was 0.454 and 0.474, respectively.
These observations are less than values
of 0.577 cm2/kg of carcass reported by
Neary, et al. (1995) and 0.526 cm2/kg
reported by Shelton (1991). In small-
framed lambs, extending the feeding
period to produce a heavier carcass
increases the amount of carcass fat and
will decrease the amount of muscle/kg of
carcass (Nichols et al., 1993).
Table 5. Least squares means for carcass cutability of wether lambs sired by
Dorset rams bred to Romanov x Polypay (RxP), Romanov x St. Croix (RxS),
St. Croix x St. Croix (SS), Texel x Polypay (TxP), Texel x St. Croix (TxS)
ewes (Exp. 2).
Ewe genotype
RP RS SS TP TS SE
Number of lambs 2 2 2 2 2
Final BW, kgbc 54.2 47.9 51.3 53.1 53.6 1.5
Cold carcass wt, kg 28.1 25.1 28.3 27.9 28.6 1.4
Wholesale cuts
Leg, kgac 7.22 6.27 7.17 7.35 7.76 0.29
Loin, kgc 2.42 2.04 2.23 2.25 2.38 0.40
Rack, kg 2.77 2.62 2.60 2.46 2.58 0.09
Shoulder, kgac 5.31 4.30 5.06 5.23 5.58 0.21
a Contrast of lambs from ewes sired by Romanov rams (RP and RS) vs lambs
from ewes sired by Texel rams (TS and TP), P<0.05.
b Contrast of lambs from ewes with Polypay breeding (RP and TP) vs lambs from
ewes with St. Croix breeding (RS and TS), P<0.10. 
c Contrast of lambs from RP and TS ewes vs RS and TP ewes, P<0.10
Table 6. Carcass characteristics (mean ± SE) of crossbred wether lambs from
Exp. 1 (1994 only) and 2 (1995 only).
Experiment 1 Experiment 2 
Final BW, kg 46.3 ± 0.09 52.2 ± 0.6
Cold carcass wt, kg 24.9 ± 0.4 27.6 ± 0.6
Dressing percent, % 59.1 ± 0.9 58.6 ± 0.9
Quality gradea 12.7 ± 0.3 12.7 ± 0.2
Fat thickness, cm 0.71 ± 0.1 0.64 ± 0.04 
Longissimus muscle, cm2 12.4 ± 0.4 14.5 ± 0.7
Yield grade 3.4 ± 0.1 3.2 ± 0.2
a Choice – = 11, Choice = 12 and Choice + = 13.
Implications
Cross breeding programs used to
produce F1 females also produce F1
males that are finished in feedlots using
high-energy diets. From these data, we
concluded that crossbred-wether lambs
produced from mating Texel, Romanov,
St. Croix and Polypay breeds could be
efficiently finished under conventional
confinement feeding of a high-energy
diet. However, purebred St. Croix lambs
were smaller and grew slower than cross-
bred lambs. Wether lambs are more effi-
cient and grow at a faster rate than
female lambs. The differential between
male and female lambs was greater when
Dorset rams were used as the terminal
sire. Lambs from ewes with St. Croix
breeding performed as well as lambs from
ewes with Polypay breeding. Lambs from
ewes with Texel breeding were heavier at
the start and end of the finishing period.
In terms of growth and feed efficiency,
Dorset rams were a better terminal sire
than St. Croix rams. When Dorset rams
were used as the terminal sire, lamb feed-
lot performance was similar among the
different ewe genotypes used in this
experiment. 
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